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HIGE-LIFT DEVICES DEFLECTED IN COMBINATION

By Robert J. Nuber and Gall A. Cheesman
SUMMARY

A two—dimensional wind—tunnel investigetion was made of a
6—percent—thick symmetrical circuler—erc airfoll with leading—edge
and tralling—edge high—11ft devices. The Investigation was made to
determine the effects on masximum sectlon 1ift coefficlent of different
leading—edge slats and drooped—mose flaps of 15-percent chord when used
in combination with a plain trailing—edge flap of 20—percent chord
deflected 60°. Section 1ift characteristics of the alrfoll with the
various high-1ift devices deflected In combination are presented for

Reynolds numbers from 0.7 X 108 to 3,0 X 10°. Slat—position contours
of meximum section 1lift coefficlent and saome pltching—moment charac—
teristice are included.

The results indicated that a properly positioned leading—edge slat
or & droocped—mose flap increased the maximm section 1lift coefficlent
of the airfoll with the plain trailing—edge flap deflected 60°
from 1.63 to 2.02 or 1.95, respectively, and increased the angle of
attack for maximum section 1ift coefficient from 2.5° to 16° or 9°,
respectively. It was also found that varying the Reynoclds number for
either the slat or drooped—nose—flap configurations or moving the
drooped—noge—Fflap hings from the lower surface to the upper surface
had essentisally no effect on the 1ift characteristics.

INTRODUCTION

The use of wings with thin biconvex profiles for high—speed alr—
craft has necessitated the development of devices to increasse the low
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maximpm 11f%t coefflclente of these profiles in order that the airplane
mey fly satisfactorlily in the low—speed range. Devices that have been
suggested for this purpose are trailing-edge flaps, lsading-edge flaps,,
and leading-edge slats. Of these devices, tralling-edge flaps and
leading—edge flaps have been investigated. (See reference 1.)

The present paper gives the results of an Investigation of a
6—percent—thick symmetrical circular—erc airfoil with a l5—percent—
chord leading-edge slat deflected in combination with a 20-percent—
chord plain trailing-edge flap having a 60° deflection. These results
include the section 1ift characterlstlcs, slat—position contours of
maximum sectlon 11ft coefficient, and some pitching-moment charac—
teriastics. Also included 1n the investigatlion are the effects on the
section 1lift characteristics of varying the Reynolds number and of
moving the hinge line from the lower surface to the upper surface of
a l5-percent—chard leading—edge flap deflected 27° in combinatiwer with
thesgg—percent—chord pPlain trailing-edge flap having a deflection
of .

SYMBOIS
cy sectlon 1ift coefficlent 2
d,¢
c sectlon piltching-moment coeffilicient:about the quarter chord
Te /b m
Te/d
2
QoC-
where
A 1ift per unit span
m pitching moment per unit span .. . .. . . _
c chord of alrfoll with high—ift devices neutrsl
pdvoe
Q0 .free—stream dynamlic pressure >
Py : free—stream mass density
v free—setream veloclty
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o, section angle of attack, degrees
cy maximum section 1lift coefficient
mex - o
Acz increment of maximum sectlon 11£% coefficient due to
max deflection of leading—edge high—lift devices
e section angle of attack at maximum 1ift coefficlent
Aabl increment of section angle of attack at maximum 1ift due to
max deflectlon of leading-edge high—1ift devices
R Reynolds number
55 angular deflection of leading—edge—slat chord line from
airfoil chord line, positlve when deflected below chord
line, degrees
GN drooped—nose—flap deflectlon, positive when deflected below
chord line, degrees
S plain trailing—edge—flap deflection, positive when deflected
below chord line, degrees
Xg ) horizontal distance from reference point on main part of

airfoil to the slat trailing edge, positive when slat
moves forward, percent of alrfoil chord

Ts vertical distance from reference point on main part of
" "airfoll to slat trailing edge, poslitive when slat moves
upward, percent of alrfoil chord

MODEL

The model used in this investigation was a 2h—Inch—chord asirfoil
section bullt to a 6—percent—thick symmetricasl circuler—erc contour.
Ordinates for this profile are presented In table I. The main part of
the airfoll was made of ateel. The 20—percent—chord plain trailing-
edge flap, cohstructed of brass, was pivoted on leaf hinges mounted
flush with the lower surface. (See reference 1.) The gap between the
flap and flap skirt was sealed with modeling cley to prevent leakage.
In a1} cases, the leading-edge slats and drooped—mose flaps were
investigated 1n combination with the plain tralling-edge flap
deflected 60°.
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Slats.— The slats were constructed of brass and had chords equal

to 15 percent of the alrfoll chord. Ordinstes and sketchea of the
three slat configurations tested are given 1n table II and figure 1,
respectively.

. Configurastlions 1 and 2 were designed so that, when the slats were
retracted, they falred Into the main part of the airfoil. For configu—
ration 3, a small gap between the slat and main part of the alrfoil
existed on the lowser surface wilth the slat neutral. Model end plates,
as shown in figure 2, were ussd to facilitate changing the slat to any
desired position. Slat end plates, which recessed Into the model end
plates, were used to change the slat deflection. .The slat tralling-
2dge popitions were measured from a reference point located on the
upper surface of the maln pert of the airfoil at the 15-percent—chord
station, as shown in figure 3. No Intermediste supports were provided
petween the main pert of the airfoil and the slat.

Drooped—nose flap.— The drooped-nose flaps were constructed of

brass and had chords equal to 15 percent of the alrfoil chord. For all
tests, these flaps were deflected 27°. Configuration A was designed

go that the drooped-nose flap pivoted on a leaf hinge-mounted flush
wlith the lower surface, and the flap skirt was in rubbing contact with
the flap. A sketch of this configuration is shown in figure 1. In
order to determins the aerodynamic effects of changing the position of
the hinge line, a lead bead was soldered to the upper surface of the
flap and filed to a sharp cormer. A sketch of this modiflcation,
designated configuration B, is also shown in figure 1.

TESTS

The investigation wes conducted in the Langley two—dimensional
low—burbulence tunnel and the Langley two—-dimensional low-turbulence
pressure tumnel. A complete description of these wind tunnels, details
of the test methods, and the methods used in correcting the data to
free—air conditions are given in reference 2. All testg were made with
the 20—percént—chord plain trailing-edge flap deflected 60° in
combination with the leading-edge high—1ift devices.

Slat.— Measurements were made at a Reynolds number of 2.0 X 106 of
the 1ift of the slat configuratlions to determine the ideal positions
of the slats. The ideal position of the slat for a gilven deflection
and slat configuration is defined as the positlion that ylelds the
highest maximum section 1ift coefficient. For these testa, a wlde
horizontal and vertical range of slat locations was covered for several
slat deflections and three slat conflgurations.
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Section 1ift characteristics were determined for comfiguration 1

at a Reynolds number of 2.0 X 106 for slat deflectlons of 19.75°,

25.59, 30°, and 35.259. Pitching mcments were measured only for slat
configuration 1 with the slat deflected 25.5° and 30°. The section
1ift characteristics of slat configuration 2 were determined at Reynolds

numbers of 2.0 X 10°, 6.0 x 105, and 9.0 X 105 with the slat

deflected 30° and for configuration 3 at a Reynolds number of 2.0 X 106
with the slat deflected 30°. Additional 11ft data for configurations 2
and 3 with the slats deflected 35° were obtained but are not included
in this paper because the range of horizontal and vertical slat
locations covered was Iinsufficlent to form a set of contours. Tnese
data, however, were found to be less favorable than those obtained with
the slats deflected 30°.

Drooped—nose flap.— The 1ift characteristlcs were determined for

drooped—nose—Flap configuration & (hinge line on lower surface of P
drooped-nose flap) through a range of Reynolds numbers fram 0.70 X 10

.to 2.29 X 10%. The 11ft characteristics of configuration B (hinge line
on upper surface of drooped—mose flap) were determined st Reynolds

numbers of 2.0 X 10° and 6.0 X 10°,
RESULTS AND DISCUSSION

Slat configurations.— Contours of meximum section 11ft coefficient

obtained at a Reynolds number of 2.0 X 10~ are presented in flgures Uk,
5, and 6 for the three slat configurations at various slat positions
and deflections. Maximum section 1lift coefficlents and angles of
attack for maximum 1ift coefficient at the ideasl slat positions for
glven slat deflections are shown in these figures. The contours
11lustrate the sensitivity of the maximm section 1ift coefficient

to changes in slat location for given slat deflections. Variation in
slat trailling-edge height fram the ideal position, particularly for an
upward displacement, appesrs to be more critical, on the average, than
c¢hordwise variation.

The highest maximum sectlon 1ift coefficilents for each of the
three slat conflgurations investigated occurred at & slat deflection
of 30°. . '

The 1ift characteristics obtained at a Reynolds number of 2.0 X 106
for slat configurations 1, 2, and 3 with the slats deflected 30° and
located at thelr ideal positions are presented in figure 7. The
magnitude of the maximum section 1ift coefficients veried from a value
of 1.94 for configuration 2 to a value of 2.02 for configuration 3.

It should be noted, however, that a small gap between the slat and the
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elrfoil exists on the lower surface of conflguration 3 with the slat
retracted. If such profille irregularities are to be avoided, particu—
larly for supersonic flight, then configuration 1, which produces a
maximum 1ift coefficient of 2.00, may be considered the most effective.

The gection 1lift and pitching-moment characteristics of configu—

ration 1, obtained at a Reynolds number of 2.0 X 106 for the ideal
rositlons of the slat for several slat deflections, are presented

in figure 8. The maximum section 1lift coefficient for the 25.5° plat
deflection 1s nearly equal to that obtained with a deflection of- 30°.
The asrodynemic center remains ahead of the quarter-chord point as
shown by the sectlon pitching-moment characterlstice. For the 30° slat
deflection, figure -8 shows that the mapnitude and maenner of variation
of the moment coefflcients are generally the sams as those obtained
with the drooped-nose flap deflected 30°.. )

The sectlion 1ift characteristics of configuration 2, obtained at

Reynolds numbers from 2.0 X 106 to 9.0 X 106 with the slat deflected 30°,
are presented In figure 9. The maximum section 1ift coefficients are
relgtively unaffected by increases in the Reynolds mumber. Since no
appreciable scale effect was obtained with configuration 2, 1t is
believed that the effects of Reynolds number variations on c, for

configurations 1 and 3 also mey be consldered negligible.

Drooped—nose—flap conflgurations.— The section 11ft characteristics

of configuration A are presented in figure 10 for Reynolds numbers

from 0.70 X 100 to 2.29 X 10°. It 1s seen 1n figure 10 that the

maximum section 1lift characteristics remain practically comstant with
increasing Reynolds number. These results conform, in this respect,

with the data presented in references 1 and 3 for the 6— and 7.5—percent—
thick circular-sarc airfolls with corresponding flap deflections.

The sectlon 1lift characteristice of configuretion B are presented
in flgure 11 for Reynolds numbers of 2.0 X 10° and 6.0 x 10®. Included
in the figure for comparison are the gectlon 1ift characteristics of

configuration A corresponding to a Reynoclds numher of 2.0 X 10¥. The
1ift characteristics were practically unaffected when the hinge line
of—the drooped-nose flap was moved from the lower surface to the upper
surface or when the Reynolds number of configuration B was Increased

from 2.0 X 106 to 6.0 X 106.

It may be noted that the 1ift curves for configuration A at a
Reynolds mumber of 1.98 X 106 (fig. 10) and at a Reynolds number
of 2.0 x 10° (fig. 11) are not quite in agreement near maximm 1ift.
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The dlscrepancies are not consildered Ilmportant and may be attributed to
the fact that the two rins were made in different tunnels with a time
interval of about 2 years between tests.

The maximum section 1ift coefflclent of the alrfoll with the plain
trailing-edge flap deflected 60° (reference 1) 1s increased from a
value of 1.63 to 1.96, and the o of atback for meximm sectlon 1ift
coefficient is increased from 2.5 to 9° when the drooped nose is
deflected 27° (configuration B).

Comperison of slat and drooped—nose-flap configurations.— Increments
of maximm section 1ift coefficient Acz 'and. Increments of sectlon
pul-h &
angle of attack for maximum 1ift coefficient Aa, that result from

deflection of the slat or drooped—noge flap are summarized grephically
in figure 12. Included in the figure are comparative data teken from

reference 1 (R = 6.0 X 10 ) for several deflectionse of the drooped-nose
flap. The increments in maximm sectlon 11ft coefflclent for slat
configuration 1 over a large range of deflectlons are greater than those
obtained with the drooped-nose flap. = Increments in angle of attack for
maximum sectlon 1ift coefflcient are greater for the slats than for the
drooped—noge fleps but the lift—curve peaks are similar. The differ—
ences In meximum sectlon 1ift cosfflcient can be attributed, in part,

to the greater projected area of the slat conflgurstions. It must be
emphasgized, however, that, although slat confilgurations 1 and 3 are
slightly more effective than the other leading-edge high—1ift devices
Investigated, the drooped—nose—flap configurations may be more attractive
to the designer in vlew of the structural and mechanicel problems
presented by slatted airfolls and because of the sensitivity of the
maximum section 1ift coefflclents of slatted airfolils to slat—position
changes resulting from alr loads and manufacturing lrregularities.

It is believed that the air loads on the slats may be substantially
equivalent to the alr loads on the drooped—nose flap (reference 4) for
corresponding deflections because the peak pressures nesr the leading
edge of both types of high—lift devices are limited by separstion.

Teble III presents & summary of the hilghest maximm section 1ift
coefficients, the angles of attack &t which the meximum sectlon 1ift
coefficients occurred., end the increments that were obtained for the
slat and drooped.—nose—fla.p configurations Investigabed at a Reynolds

nmumber of 2.0 X 10°. Also iIncluded in table III are the maximum
section 1ift coefficients and angles of abttack for maximum 1ift coef—

ficlient obteined at a Reynolde number of 6.0 X 106 for the plain alr—
foil and the alrfoll with the plain trailing—edge flap deflected 60°
(reference 1).
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CONCLUSIORS -

The results of a two—dimensional wind—tumnel investigation at

Reynolds numbers from 0.70 X lO6 to 9.0 X 106 of a 6-percent—thick
symmetrical circular—erc alrfoill with elther a 15-percent—chord leading—.
edge slat or.a 15-peréént—chord drooped—nose flap and a 20—percent—chard
plain tralling—edge flap deflected 60° 1ndicated the following
conclusions:

1. A properly positioned leading-edge slat or a drooped—nose flap
Increased the maximum sectlon 1ift coeffilcient of the airfoil with the -
plain trailing-edge flap deflected 60° from a value of 1.63 to 2.02 : .
or 1.96, respectively, and increased the angle of attack for maximum )
saction 1lift coefficient from 2.5° to 16° or 9%, respectively.

2. The maximum sectlion 1ift characteristics of the slat configu—
ratione are extremely sensitive -to changes from the ideal slat position. .

3. The type of lift-curve peak and the magnitude and manner of
variation of the piltching-maoment coefficients of the slat and drooped—
nose—flap configurations are similar for a deflection of 30°.

L. The maximum section 1ift characteristics of the slat and
drooped—moge—flap conflgurations tested.are relatively unaffected by
variations of Reynolds number.

5. Moving the position of the drooped—nose—flap hinge fram the . .
lower surface to the upper surface had practically no effect on the _
1ift characteristics.

Langley Aeronauticel Laboratory
National Adviscry Commlttee for Aeronautics
Langley Alr Force Base, Va.
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TABLE I
ORDINATES FOR THE PLAIN AIRFOIL

[Stations and ordinates gilven
in percent of airfoll chord]

o e ——————
6-percent-thick symmetrical circular-
' arc alrfoll

Upper surface Lower surface
Station| Ordinate Station| Ordinate
0 0 0 0]
[} 2 e 2
10 1.352 lg -=le ggE
15 1.533 15 =1.533
20 1.922 20 ~1.922
25 2.252 25 -2 4252
| m | 2| 3
23 gzség 3 =280
A
0 5 8k0 23 Toako
65 2.731 65 -2,731
70 2.521 70 -2 ¢521
5 2e252 75 =2 252
£ bE ) £ 38
90 1.082 90 =1082
95 o572 95 =572
100 100 0

“ﬂgﬂ”"



TABLE IT
LEADING~EDGE SLAT AND MAIN ATRFOIL WOSE ORDINATES
Eﬂts.ﬁ.on and ordinated glven in percent of airfoll ohord]

LEADIRG-EDGE SLAT

CONFIGURATION 1 CORFIGURATION 2 CONFIGURATION 3
Upper surface Lowsr surfaqe Upper surface Lower aurface Upper surface Lowsr surfmoa
Btation | Ordinate | Atatlon | Ordinate Etatlon | Ordinate | Btation | Ordinste Station | Ordinate | Btatlon | Ordinete
0 0 0 0 0 ] 0 0 ] 0 0
0. 00 |06° » "'106'0 - 00 aOGO «H00 —.Mo .500 .%’D [} "'060
.z . -Z% =30 -Z 20 _.Zﬂ -.Oﬂg +7h0 O - -
I. E lm 1. =yl 1. o1 1. - 1.280 ol 1. "'2
20&0 . z Eo%g =29 2.500 . 2. =+293 2,500 +293% 2. :h A
B . Z. —.%g Z- g . Z.mg -y 5. l¥] .gz Z: .-:
13:%%% i:osg : h:@ :11:1 10,800 %:533 %1: : -}.:2 2 %:%%% 1. %o'% 2
15 533 | 16 - . : miEl 2a J : o5 | oas
12,083 | .81 10,8671 -~ 10,835 | =20k
12, 1.1 10. ; - 1l. g‘t
13'%%3 1.%53 T o N e
it | 15 AR ~wEs | Bhh| b
13. . 1%- 1+533
15. Le
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TAELE IT — Concludsd
TRADTRG-EDGE SLAT AND MATN ATRFOIL NOSE ORDINATES — Concluded
MAIX ATRFOIL NOBE

/f’

CORFIGURATION 1 CONFIGURATIONS 2 and 3
Upper surface Lover aurface Uppesr surface Lower surface
Btation | Ordinate | Btation | Ordinate Station | Ordinate | Station | Ordinate
=l,] 10.458 =]l 11.000 -."-1 11.000 -oll'l
1001}27 —.5 ? =1.,20 .167 Ug; 11.167 -0912
10, g -.225 -1.551"' : .333 Y .3%8 =1.0
11.2 «233 2 00 -loEZZ : 11. 5 1l. -1-1;;
12. «80H 667 =1. llozg -550 1l. 6 "1'23
12 -91 1.1482 16-333 -], -;gg 12.08 « 508 1l OSé -l 0258
130201 L 46 | 20,000 12 91 1.1% | 12.0 =1.,28
e | 1t - ' 2880 I | inap)
a' 1. : 2 1. 1E.O -1,
18-328 1132 y 667 1.225 16.667 | -l. z
. s 18,333 1.79 18.33 -l-gg
EO Q00 1. 2 200000 -1. 2
LaE. radtus: 0.833 X7 L11-£73

~ua-
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PABLE TIT

SUMMARY OF MAXIMUM-LIFT CHARACTERISTICS FOR LEADING-EDGE SLAT AND DROOPED-NOSE FLAP CONFIGURATIONS FOR THE
FACA 23-{50) {03)=(50) (03) AIRFOIL

8
Frofile cratign | Ctnx | %0 | Olnax | A0t ( N o - o Eﬂpn w 7] R Figure
an y of
{aeg) Shora) | ehord) | shord) | Ox |(GeE}
I (dep)
: £
—~——— T T3 g — | — | — | — |exot{Lfsl @
- snce 1
\ 1.63 2.5 | o 0 |60 g |3la)ef
ance 1
# \ 1 2,00 1 037 1.5 Y23 | =26 | 1,06 § 30 | 60 |2 7
# \ 2 1.9% 1h o351 11.5 3.81 | ~.26 42 | 30 | 60 |2 7
# \ 3 2,02 16 39 13.5 4,23 | W52 | 1,73 | 30| 60 |2 7
“ \ A 1.95 9 .52 65 | — | — | — | 27| 60 |2 11
\ B 2.96 9 I3 6.5 — | — | — | 27| 60 |2 11
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CONFIGURATION 1

[
A

60
CONFIGURATION 2

)

N\
\
\

- . o
‘;—_ e—
60°
CONFIGURATION 3
N\

RN

370 \\ [
//3 CONFIGURATION A

Tsharp corner
)
279
P CONFIGURATION B

N\
!
0

\

Figure 1.~ Symmetrical circular-arc airfoil with leading—edge and
trailing-edge high-13ift devices.
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Flgure 2.- Model end plate used with glat configurations.
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Figure 3.- Variables used to indicate position of leading-edge slat.

02D61 WE VOVN

It



=]

1.90-
1.375-22
1.9%7 _
Colpax = 10+2° 1\55 =7

F
\\\g\\
percent ohord

/
i:%:% [1

1. _-_‘__-_.L\-_ é
1 ]:
i 6 b 2 0

X5, percent ohord

- . B B a l » o-

L_ﬂ'u:_-‘: (.'I] +<'Xs[‘h:ﬂ \{:‘ ( ) B 9 75

Mgure L.- tortorre-ofj\maximm sectlion 1ift coefficient for various pealtione of a 0.15¢ leadé.ng-edge
slat on a 6-percent-thick symmetricsl circular-arc airfoil. Configuration 1; R = 2 X 10

0261 Wd VOWN




2.00—

aclm = 13 .20 \

2,00

Colpgey = 12.2° “tuax

1.97

N

Goypey = 122° .

"%
>
\1.;3/%/

1.
L~ 1.631

n
¥g:» percsnt chord

8 6

Ll 2

Xg, percent chord

(b) Bg = 25.5°.

Figure 4.~ Continusd.

6T



2,00 —
ae;,.‘x = 14,29

oy 2,00——
Rax 1'9 5—_ R v Tl

1.
1,925—r
1190_"'_'_
1.875—

Xg, percent chord

(c) 8y = 30°.
Figure 4.- Continued.

Yas percent chord

\

|

Cg

0261 WH VWM




®lmax

:i.%o
N

). 825
/:_1.35

1.588

T01gax = 1042 y, ' /

A ]
AN ===,

g 3 3

2 0

Koo parosnt ohord

(d') 83 a 35 '250'
M aure 4.- Concluded.

parcent chord

OEDET WY VOVN

T2



| e
%0y ey = Lie2° \ .90
l
L —
\/A \:Hogzo
AT B
_ 1,70
g 6 4 2 0

L e g
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slat on a 6-percent-thick symetrical circular-arc alrfoil.
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Figure 6.- Goatowa—-e# Anaximum gection 114 coefficient for varlous poeltlons of the 0.15c leading-edge

Lo tustn
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slat on a 6-percent-thick symmetrical cirouwlar-src alrfoll.

R =2 x 105,

percent chord

Conflguration 3;
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Figure 7.~ Section 1ift characteristlce of 6-percent-thick symmetricel oircular-src airfoll for various
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Figure B.- Section 1ift and pitching-moment cheracteristics of 6-percent-thick gymmetrical clrcular-
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arc adrfoll for varlous defleotions of the leading-edge slat. Conflguration 1; R = 2 x 106,
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Figure 9.- Section 1ift characteristics at three values of the Reynolds
number for 6-percent-thick symmetrical circular-arc airfoil with
leading-edge slat. Configuration 2; 3g = 30°; x4 = 3.81; yg = ~0.26.
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Figure 10.~ Section 1ift characteristics at several values of the Reynolds nmumber for é-percent-thick
symotrical circular-arc alrfoll with drooped-nose flep. Configuration A.
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Figure 11.- Section 1ift characteristics at two values of the Reynolds
number for two drooped-nope-flap configurations of 6-~percent-thick
symetrical circular-arc airfoll.
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Figure 12.- Variation of the increment in maximum section lift
coeffliclent and the increment In angle of attack for maximum
section 1ift coefficient with deflection of the leading-edge
high-11ift devices on 6-percent-thick symmstrical cilrcular-arc

airfoll. R = 2 x 100.
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